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Apo-21. RECEPTOR AGONIST and CPT-11 SYNERGISM

FIELD OF THE INVENTION

This invention relates generally to methods of inducing apoptosis in

mammalian cells. In particular, it pertains to the use of Apo-2L receptor
agonists and CPT-11 to synergistically induce apoptosis in mammalian cells.
Various Apo-2L receptor agonists contemplated by the invention include the
ligand known as Apo-2 ligand or TRAIL, as well as agonist antibodies

directed to one or more Apo-2L receptors.

BACKGROUND OF THE INVENTION

Various molecules, such as tumor necrosis factor-o ("TNF-¢"), tumor

necrosis factor-f ("TNF-B" or "lymphotoxin-ao"), lymphotoxin-f ("LT-f"),
CD30 ligand, CD27 ligand, CD40 ligand, 0X-40 ligand, 4-1BB ligand, Apo-1
ligand (also referred to as Fas ligand or CD95 ligand), Apo-2 ligand (also
referred to as TRAIL), Apo-3 ligand (alsoc referred to as TWEAK),
osteoprotegerin (OPG), APRIL, RANK ligand (also referred to as TRANCE), and
TALL-1 ({(also referred to as BlyS, BAFF or THANK) have been identified as
members of the tumor necrosis factor ("TNF") family of cytokines [See,
e.g., Gruss and Dower, Blood, 85:3378-3404 (1995); Pitti et al., J. Biol.
Chem., 271:12687-12690 (1996); Wiley et al., Immunity, 3:673-682 (1995);
Browning et al., Cell, 72:847-856 (1993); Armitage et al. Nature, 357:80-82
(1992), WO 97/01633 published January 16, 1997; WO 97/25428 published July
17, 1997; Marsters et al., Curr. Biol., 8:525-528 (1998); Simonet et al.,
Cell, 89:309-319 (1997); Chicheportiche et al., Biol. Chem., 272:32401-
32410 (1997); Hahne et al., J. Exp. Med., 188:1185-1190 (1998); W098/28426
published July 2, 1998; WO98/46751 published October 22, 1998: WwO/98/18921
published May 7, 1998; Moore et al., Science, 285:260-263 (1999); Shu et
al., J. Leukocyte Biol., 65:680 (1999); Schneider et al., J. Exp. Med. ,
189:1747-1756 (1999); Mukhopadhyay et al., J. Biol. Chem., 274:15978-15981

(1999)]. Among these molecules, TNF-a, TNF-f, CD30 ligand, 4-1BB ligand,
Apo-1 ligand, Apo-2 ligand (Apo2L/TRAIL) and Apo-3 ligand (TWEAK) have been
reported to be involved in apoptotic cell death. Both TNF-« and TNF-B have
been reported to induce apoptotic death in susceptible tumor cells [Schmid
et al., Proc. Natl. Acad. Sci., 83:1881 (1986); Dealtry et al., Eur. J.
Immunol., 17:689 (1987)].

Recently, additional molecules believed to be members of the TNF

cytokine family were identified and reported to be involved in apoptosis.
For instance, in Pitti et al., J. Biol. Chem., 271:12687-12690 (1996), a

molecule referred to as Apo-2 ligand is described. See also, WO 97/25428
published July 17, 1997. The full length human Apo-2 ligand is reported to
be a 281 amino acid polypeptide that induces apoptosis in various mammalian

cells. Other investigators have described related polypeptides referred to
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as TRAIL [Wiley et al., Immunity, 3:673-682 (1995); WO 97/01633 published
January 16, 1997] and AGP-1 [WO 97/46686 published December 11, 1997].
Various molecules in the TNF family also have purported role(s) in

the function or develcpment of the immune system [Gruss et al., Blood,
85:3378 (1995)]. Zheng et al. have reported that TNF-a is involved in
post-stimulation apoptosis of CD8-positive T cells [Zheng et al., Nature,
377:348-351 (1995)]. Other investigators have reported that CD30 ligand
may be involved in deletion of self-reactive T cells in the thymus [Amakawa
et al., Cold Spring Harbor Laboratory Symposium on Programmed Cell Death,
Abstr. No. 10, (1995)]. <CD40 ligand activates many functions of B cells,
including proliferation, immunoglecbulin secretion, and survival [Renshaw et

al., J. Exp. Med., 180:1889 (1994)]. Another recently identified TNF

family cytokine, TALL-1 (BlyS), has been reported, under certain
conditions, to induce B cell proliferation and immunoglobulin secretion.
[Moore et al., supra; Schneider et al., supra; Mackay et al., J. Exp. Med.,
190:1687 (1999)1].

Mutations in the mouse Fas/Apo-1 receptor or ligand genes (called lpr
and gld, respectively) have been associated with some autoimmune disorders,
indicating that Apo-l ligand may play a role in regulating the clonal
deletion of self-reactive lymphocytes in the periphery [Krammer et al.,
Curr. Op. Immunol., 6:279-289 (1994); Nagata et al., Science, 267:1449-1456

(1995)]. Apo-1 ligand is also reported to induce post-stimulation
apoptosis in CD4-positive T lymphocytes and in B lymphocytes, and may be
involved in the elimination of activated lymphocytes when their function is
no longer needed [Krammer et al., supra; Nagata et al., supral. Agonist
mouse monoclonal antibodies specifically binding to the Apo-1 receptor have
been reported to exhibit cell killing activity that is comparable to or
similar to that of TNF-a [Yonehara et al., J. Exp. Med., 169:1747-1756
(1989)].

Induction of various cellular responses mediated by such TNF family

cytokines is believed to be initiated by their binding to specific cell
receptors. Previously, two distinct TNF receptors of approximately 55-kDa
(TNFR1) and 75-kDa (TNFR2) were identified [Hohman et al., J. Biol. Chemn.,
264:14927-14934 (1989); Brockhaus et al., Proc. Natl. Acad. Sci., 87:3127-
3131 (1990); EP 417,563, published March 20, 1991; Loetscher et al., Cell,
61:351 (1990); Schall et al., Cell, 61:361 (1990); Smith et al., Science,
248:1019-1023 (1990); Lewis et al., Proc. Natl. Acad. Sci., 88:2830-2834

(1991); Goodwin et al., Mol. Cell. Biol., 11:3020-3026 (1991)]. Those

TNFRs were found to share the typical structure of cell surface receptors

including extracellular, transmembrane and intracellular regions. The
extracellular portions of both receptors were found naturally also as
soluble TNF-binding proteins [Nophar, Y. et al., EMBO J., 9:3269 (1990);
and Kohno, T. et al., Proc. Natl. Acad. Sci. U.S.A., 87:8331 (1990); Hale
et al., J. Cell. Biochem. Supplement 15F, 1991, p. 113 (P424)].

2-
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The extracellular portion of type 1 and type 2 TNFRs (TNFR1 and
TNFR2) contains a repetitive amino acid sequence pattern of four cysteine-
rich domains (CRDs) designated 1 through 4, starting from the NHpy-terminus.
[Schall et al., supra; Loetscher et al., supra; Smith et al., supra; Nophar
et al., supra; Kohno et al., supra; Banner et al., Cell, 73:431-435
(1993)]. A similar repetitive pattern of CRDs exists in several other
cell-surface proteins, including the p75 nerve growth factor receptor
(NGFR) {Johnson et al., Cell, 47:545 (1986); Radeke et al., Nature, 325:593
(1987)}, the B cell antigen CD40 [Stamenkovic et al., EMBO J., 8:1403
(1989)], the T cell antigen 0X40 [Mallet et al., EMBO J., 9:1063 (1990)]
and the Fas antigen [Yonehara et al., supra and Itoh et al., Cell, 66:233-
243 (1991)7]. CRDs are also found in the soluble TNFR (sTNFR)-like T2
proteins of the Shope and myxoma poxviruses [Upton et al., Virology,
160:20-29 (1987); Smith et al., Biochem. Biophys. Res. Commun., 176:335
(1991); Upton et al., Virology, 184:370 (1991)]. Optimal alignment of

these sequences indicates that the positions of the cysteine residues are

well conserved. These receptors are sometimes collectively referred to as
members of the TNF/NGF receptor superfamily.

The TNF family ligands identified to date, with the exception of
lymphotoxin-«, are type II transmembrane proteins, whose C-terminus is
extracellular. In contrast, most receptors in the TNF receptor (TNER)
family identified to date are type I transmembrane proteins. In both the
TNF ligand and receptor families, however, homology identified between
family members has been found mainly in the extracellular domain ("ECD").
Several of the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40
ligand, are cleaved proteolytically at the cell surface; the resulting
protein in each case typically forms a homotrimeric molecule that functions
as a soluble cytokine. TNF receptor family proteins are also usually
cleaved proteolytically to release soluble receptor ECDs that can function
as inhibitors of the cognate cytokines.

More recently, other members of the TNFR family have been identified.

In von Bulow et al., Science, 278:138-141 (1997), investigators describe a

plasma membrane receptor referred to as Transmembrane Activator and CAML-
Interactor or “TACI”. The TACI receptor is reported to contain a cysteine-
rich motif characteristic of the TNFR family. In an in vitro assay, Cross
linking of TACI on the surface of transfected Jurkat cells with TACI-
specific antibodies led to activation of NF-KB. [see also, WO 98/39361
published September 18, 1998].

Laabi et al., EMBO J., 11:3897-3904 (1992) reported identifying a new
gene called “BCM” whose expression was found to coincide with B cell
terminal maturation. The open reading frame of the BCM normal cDNA
predicted a 184 amino acid long polypeptide with a single transmembrane
domain. These investigators later termed this gene “BCMA.” [Laabi et al.,
Nucleic Acids Res., 22:1147-1154 (1994)]. BCMA mRNA expression was
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reported to be absent in human malignant B cell lines which represent the
pro-B lymphocyte stage, and thus, is believed to be linked to the stage of
differentiation of lymphocytes [Gras et al., Int. Immunclogy, 7:1093-1106
(1995)7]. In Madry et al., Int. Immunology, 10:1693-1702 (1998), the

cloning of murine BCMA cDNA was described. The murine BCMA cDNA is

reported to encode a 185 amino acid long polypeptide having 62% identity to
the human BCMA polypeptide. Alignment of the murine and human BCMA protein
sequences revealed a conserved motif of six cysteines in the N-terminal
region, suggesting that the BCMA protein belongs to the TNFR superfamily
[Madry et al., supral.

In Marsters et al., Curr. Biol., 6:750 (1996), investigators describe
a full length native sequence human polypeptide, called Apo-3, which
exhibits similarity to the TNFR family in its extracellular cysteine-rich
repeats and resembles TNFR1 and CD95 in that it contains a cytoplasmic
death domain sequence [see also Marsters et al., Curr. Biol., 6:1669
(1996)]1. Apo-3 has also been referred to by other investigators as DR3,
wsl-1, TRAMP, and LARD (Chinnaiyan et al., Science, 274:990 (1996); Kitson
et al., Nature, 384:372 (1996); Bodmer et al., Immunity, 6:79 (1997);
Screaton et al., Proc. Natl. Acad. Sci., 94:4615-4619 (1997)].

Pan et al. have disclosed another TNF receptor family member referred
to as "DR4" [Pan et al., Science, 276:111-113 (1997); see also W098/32856

published July 30, 1998]. The DR4 was reported to contain a cytoplasmic
death domain capable of engaging the cell suicide apparatus. Pan et al.
disclose that DR4 is believed to be a receptor for the ligand known as
Apo2L/TRAIL.

In Sheridan et al., Science, 277:818-821 (1997) and Pan et al.,
Science, 277:815-818 (1997), another molecule believed to be a receptor for
Apo2L/TRAIL is described [see also, W098/51793 published November 19, 1998;
WO098/41629 published September 24, 1998}. That molecule is referred to as
DR5 (it has also been alternatively referred to as Apo-2; TRAIL-R, TRG,
Tango-63, hAPO8, TRICKZ2 or KILLER [Screaton et al., Curr. Biol., 7:693-696
(1997); Walczak et al., EMBO J., 16:5386-5387 (1997); Wu et al., Nature
Genetics, 17:141-143 (1997); W098/35986 published August 20, 1998;

EP870, 827 published October 14, 1998; W098/46643 published October 22,
1998; WO99/02653 published January 21, 19%99; W09%/09165 published February
25, 1999; W099/11791 published March 11, 1999]. Like DR4, DR5 is reported

to contain a cytoplasmic death domain and be capable of signaling
apoptosis. The crystal structure of the complex formed between Apo-
2L/TRAIL and DR5 is described in Hymowitz et al., Molecular Cell, 4:563-571
(1989) .

Yet another death domain-containing receptor, DR6, was recently

identified [Pan et al., FEBS Letters, 431:351-356 (1998)]. Aside from

containing four putative extracellular cysteine rich domains and a
cytoplasmic death domain, DR6 is believed to contain a putative leucine-

zipper sequence that overlaps with a proline-~rich motif in the cytoplasmic
-4-
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region. The proline-rich motif resembles sequences that bind to src-
homology-3 domains, which are found in many intracellular signal-
transducing molecules.

A further group of recently identified receptors are referred to as
"decoy receptors,” which are believed to function as inhibitors, rather
than transducers of signaling. This group includes DCR1 (also referred to

as TRID, LIT or TRAIL-R3) [Pan et al., Science, 276:111-113 (1997);

Sheridan et al., Science, 277:818-821 (1997); McFarlane et al., J. Biol.

Chem., 272:25417-25420 (1997); Schneider et al., FEBS Letters, 416:329-334
(1997); Degli-Esposti et al., J. Exp. Med., 186:1165-1170 (1997); and
Mongkolsapaya et al., J. Immunol., 160:3-6 (1998)] and DCRZ (also called
TRUNDD or TRAIL-R4) {Marsters et al., Curr. Biol., 7:1003-1006 (1997); Pan
et al., FEBS Letters, 424:41-45 (1998); Degli-Esposti et al., Immunity,

7:813-820 (1997)], both cell surface molecules, as well as OPG [Simonet et
al., supra; Emery et al., infra] and DCR3 [Pitti et al., Nature, 396:699-
703 (1998)], both of which are secreted, soluble proteins.

Additional newly identified members of the TNFR family include CARI,
HVEM, GITR, ZTNFR-5, NTR-1, and TNFL1 {Brojatsch et al., Cell, £:845—855
{1996); Montgomery et al., Cell, B7:427-436 (1996); Marsters et al., J.
Biol. Chem., 272:14029-14032 (1997); Nocentini et al., Proc. Natl. Acad.
Sci. USA 94:6216-6221 (1997); Emery et al., J. Biol. Chem., 273:14363-14367
(1998); W099/04001 published January 28, 1999; W099/07738 published
February 18, 1999; W099/33980 published July 8, 199%9].

As reviewed recently by Tewari et al., TNFR1l, TNFR2 and CD40 modulate

the expression of proinflammatory and costimulatory cytokines, cytokine

receptors, and cell adhesion molecules through activation of the

transcription factor, NF-xB (Tewari et al., Curr. Op. Genet. Develop.,

6:39-44 (1996)]. NF-xB is the prototype of a family of dimeric
transcription factors whose subunits contain conserved Rel regions [Verma

et al., Genes Develop., 9:2723-2735 (1996); Baldwin, Ann. Rev. Immunol.,

14:649-681 (1996)]. In its latent form, NF-kB is complexed with members of
the TkB inhibitor family; upon inactivation of the IkB in response to
certain stimuli, released NF-kB translocates to the nucleus where it binds
to specific DNA sequences and activates gene transcription. As described
above, the TNFR members identified to date either include or lack an
intracellular death domain region. Some TNFR molecules lacking a death
domain, such as TNFR2, CD40, HVEM, and GITR, are capable of modulating NF-

KB activity. [see, e.g., Lotz et al., J. Leukocyte Biol., 60:1-7 (1996)].

For a review of the TNF family of cytokines and their receptors, see
Ashkenazi and Dixit, Science, 281:1305-1308 (1998); Golstein, Curr. Biol.,
7:750-753 (1997); Gruss and Dower, supra, and Nagata, Cell, 88:355-365
(1987} .
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SUMMARY OF THE INVENTION

Applicants have surprisingly found that Apo-2 ligand or other Apo-2L
receptor agonists and CPT-11 can act synergistically to induce apoptosis in
mammalian cells, particularly in mammalian cancer cells.

The invention provides various methods for the use of Apo-2 ligand
and CPT-11 to induce apoptosis in mammalian cells. For example, the
invention provides a method for inducing apoptosis comprising exposing a
mammalian cell, such as a cancer cell (preferably a colon or colorectal
cancer cell), to Apo-2 ligand and CPT-11 in an amount effective to
synergistically induce apoptesis. The cell may be in cell culture or in a
mammal, e.g. a mammal suffering from cancer or a condition in which
induction of apoptosis in the cells is desirable. Thus, the invention
includes a method for treating a mammal suffering from cancer comprising
administering an effective amount of Apo-2 ligand and CPT-11, as disclosed
herein.

Optionally, the methods may employ an agonistic anti-Apo-2 ligand
receptor antibody which mimics the apoptotic activity of Apo-2 ligand.
Thus, the invention provides various methods for the use of Apo-2 ligand
receptor agonist antibody and CPT-11 to induce apoptosis in mammalian
cells. For example, the invention provides a method for inducing apoptosis
comprising exposing a mammalian cell, such as a cancer cell (preferably a
colon or colorectal cancer cell), to Apo—-2 ligand receptor agonist antibody
and CPT-11 in an amount effective to synergistically induce apoptosis. The
cell may be in cell culture or in a mammal, e.g. & mammal suffering from
cancer or a condition in which induction of apoptosis in the cells is
desirable. Thus, the invention includes a method for treating a mammal
suffering from cancer comprising administering an effective amount of Apo-2
ligand receptor agonist antibody and CPT-11, as disclosed herein. In a
preferred embodiment, the agonist antibody will comprise a monoclonal
antibody against the DR4 or DR5 receptor.

The invention also provides compositions which comprise Apo-2 ligand
or Apo-2L receptor agonist antibody and/or CPT-11. Optionally, the
compositions of the invention will include pharmaceutically acceptable
carriers or diluents. Preferably, the compositions will include Apo-2
ligand or agonist antibody and/or CPT-11 in an amount which is effective to
synergistically induce apoptosis in mammalian cells.

The invention also provides articles of manufacture and kits which
include Apo-2 ligand or Apo-2L receptor agonist antibody and/or CPT-11.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the effect of Apo-2L (open triangles), CPT-11 (open
squares), Apo-2L plus CPT-11 (closed triangles), or vehicle alone (open
circles) on growth of human colon carcinoma cells injected subcutaneously

into athymic nude mice.
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Figure 2 shows the effect of Apo-2L (60 mg/kg) (open squares), CPT-11
(80 mg/kg) (closed triangles), Apo-2L (“Apo2L.0”) plus CPT-11 (closed
squares), anti-DR4 mAb 4H6 (open triangles), anti-DR4 mAb plus CPT-11
(closed triangles) or vehicle alone (closed circles) on growth of human

colon carcinoma cells injected subcutaneously into athymic nude mice.

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

The terms "apoptosis" and "apoptotic activity" are used in a broad
sense and refer to the orderly or controlled form of cell death in mammals
that is typically accompanied by one or more characteristic cell changes,
including condensation of cytoplasm, loss of plasma membrane microvilli,
segmentation of the nucleus, degradation of chromosomal DNA or loss of
mitochondrial function. This activity can be determined and measured using
techniques known in the art, for instance, by cell viability assays, FACS
analysis or DNA electrophoresis, and more specifically by binding of
annexin V, fragmentation of DNA, cell shrinkage, dilation of endoplasmatic
reticulum, cell fragmentation, and/or formation of membrane vesicles
(called apoptotic bodies).

As used herein, the term “synergy” or “synergism” or "synergistically"
refers to the interaction of two or more agents so that their combined effect
is greater than the sum of their individual effects.

The terms "Apo-2 ligand", "Apo-2L", or “TRAIL” are used herein to refer
to a polypeptide which includes amino acid residues 95-281, inclusive, 114-
281, inclusive, residues 91-281, inclusive, residues 92-281, inclusive,
residues 41-281, inclusive, residues 15-281, inclusive, or residues 1-281,
inclusive, of the amino acid sequence shown in Figure 1A of Pitti et al., J.
Biol. Chem., 271:12687-12690 (1996), as well as biologically active
fragments, deletional, insertional, or substitutional variants of the above
sequences. In one embodiment, the polypeptide sequence comprises residues
114-281. Optionally, the polypeptide sequence has at least residues 81-281
or residues 92-281. In another preferred embodiment, the biologically active
fragments or variants have at least about 80% amino acid sequence identity,
more preferably at least about 90% amino acid sequence identity, and even
more preferably, at least about 95%, 96%, 97%, 98%, or 99% amino acid
seqguence identity with any one of the above sequences. The definition
encompasses substitutional variants of the Apo-2 ligand comprising amino

acids 91-281 of Figure 1A of Pitti et al., J. Biol. Chem., 271:12687-12690

(1996) in which at least one of the amino acids at positions 203, 218 or 269

(using the numbering of the seguence provided in Pitti et al., supra) are
substituted by an alanine residue. The definition encompasses Apo-2 ligand

isolated from an Apo-2 ligand source, such as from human tissue types, or
from another source, or prepared by recombinant or synthetic methods. The
term Apo-2 ligand also refers to the polypeptides described in WO 97/25428,

supra, and W097/01633, supra.
-7-
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The term “CPT-11" refers to a chemotherapy or chemotherapeutic agent
which is of the topoisomerase I inhibitor class. The term “CPT-11" as used
herein includes the chemotherapeutic agents having the chemical name (45)-4,
l1l-diethyl-4-hydroxy-9-{ (4-piperidino-piperidino)carbonyloxyl}-1H-pyrano(3’,
4’ ;6,7}indolizino [1, 2-blquinoline-3, 14(4H, 12H)dione hydrochloride
trihydrate, and the names irinotecan, camptothecin, topotecan, or Camptosar®,
as well as water-soluble derivatives thereof or pharmaceutically acceptable
salts of such agents. Irinotecan hydrochloride has the empirical formula
C33H3gN40g*HC1*3H,0 and a molecular weight of approximately 677.19. Such
chemical names and chemical formulae will be readily familiar to those
skilled in the art. Camptosar® is commercially available from Pharmacia &
Upjohn and approved for marketing in the United States by the FDA. The
product insert for Camptosar® indicates the molecule can be used for
treatment of human patients with metastatic colorectal carcinoma whose
disease has recurred or progressed following 5-FU based therapy.

"Percent (%) amino acid sequence identity" with respect to the Apo-2L
polypeptide sequences identified herein is defined as the percentage of amino
acid residues in a candidate sequence that are identical with the amino acid
residues in an Apo-2L sequence, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity
can be achieved in various ways that are within the skill in the art, for
instance, using publicly available computer software such as BLAST, BLAST-2,
ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full-length of the
sequences being compared. Optionally, % amino acid sequence identity values
are obtained by using the sequence comparison computer program ALIGN-2. The
ALIGN-2 sequence comparison computer program was authored by Genentech, Inc.
and the source code has been filed with user documentation in the U.S.
Copyright Office, Washington, D.C., 20559, where it is registered under U.S.
Copyright Registration No. TXU510087. The ALIGN-2 program is publicly
available through Genentech, Inc., South San Francisco, California. The
ALIGN-2 program should be compiled for use on a UNIX operating system,
preferably digital UNIX V4.0D. All sequence comparison parameters are set by
the ALIGN-2 program and do not vary. However, % amino acid sequence identity
may also be determined using the sequence comparison program NCBI-BLASTZ
(Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997)). The NCBI-BLASTZ

seguence comparison program may be downloaded from
http://www.ncbi.nlm.nih.gov. NCBI-BLAST2 uses several search parameters,
wherein all of those search parameters are set to default values including,
for example, unmask = yes, strand = all, expected occurrences = 10, minimum

low complexity length = 15/5, multi-pass e-value = 0.01, constant for multi-
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pass = 25, dropoff for final gapped alignment = 25 and scoring matrix =
BLOSUMG62.

The term "antibody” when used in reference to an “agonistic anti-Apo-
2 ligand receptor antibody” is used in the broadest sense and specifically
covers intact monoclonal antibodies, polyclonal antibodies, multispecific
antibodies (e.g. bispecific antibodies) formed from at least two intact
antibodies, and antibody fragments so long as they mimic the apoptotic
activity of Apo-2 ligand.

“Apo-2 ligand receptor” includes the receptors referred to in the art
as “DR4” and “DR5"”. Pan et al. have described the TNF receptor family
member referred to as "DR4" [Pan et al., Science, 276:111-113 (1997); see

also W098/32856 published July 30, 1998]. The DR4 receptor was reported to
contain a cytoplasmic death domain capable of engaging the cell suicide
apparatus. Pan et al. disclose that DR4 is believed to be a receptor for
the ligand known as Apo2L/TRAIL. Sheridan et al., Science, 277:818-821
(1997) and Pan et al., Science, 277:815-818 (1997) described another
receptor for Apo2L/TRAIL [see also, WO98/51793 published November 19,
1998; W098/41629 published September 24, 1998]. This receptor is referred

to as DR5 (the receptor has also been alternatively referred to as Apo-2;
TRAIL-R, TR6, Tango-63, hAPO8, TRICK2 or KILLER; Screaton et al., Curr.
Biol., 7:693-696 (1997); Walczak et al., EMBO J., 16:5386-5387 (1997); Wu
et al., Nature Genetics, 17:141-143 (1997); WO98/35986 published August 20,
1998; EP870,827 published October 14, 1998; W098/46643 published October
22, 1998; W099/02653 published January 21, 1999; WO99/09165 published
February 25, 1999; W099/11791 published March 11, 1999]. Like DR4, DR5 is

reported to contain a cytoplasmic death domain and be capable of signaling
apoptosis. As described above, other receptors for Apc-2ZL include DcR1,

DcR2, and OPG [see, Sheridan et al., supra; Marsters et al., supra; and

Simonet et al., supral. The term "Apo-2L receptor" when used herein
encompasses native sequence receptor and receptor variants. These terms

encompass Apo-2L receptor expressed in a variety of mammals, including
humans. Apo-2L receptor may be endogenously expressed as occurs naturally in
a variety of human tissue lineages, or may be expressed by recombinant or
synthetic methods. A "native sequence Apo-2L receptor" comprises a
polypeptide having the same amino acid sequence as an Apo-2L receptor derived
from nature. Thus, a native sequence Apo-2L receptor can have the amino acid
sequence of naturally-occurring Apo-2L receptor from any mammal. Such native
sequence Apo-2L receptor can be isolated from nature or can be produced by
recombinant or synthetic means. The term "native sequence Apo-2L receptor”
specifically encompasses naturally-occurring truncated or secreted forms of
the receptor (e.g., a soluble form containing, for instance, an extracellular
domain sequence), naturally-occurring variant forms (e.g., alternatively

spliced forms) and naturally-occurring allelic variants. Receptor variants
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may include fragments or deletion mutants of the native sequence Apo-2L
receptor.

The term "monoclonal antibody™ as used herein refers to an antibody
obtained from a population of substantially homogeneous antibodies, i.e.,
the individual antibodies comprising the population are identical except
for possible naturally occurring mutations that may be present in minor
amounts. Monoclonal antibodies are highly specific, being directed against
a single antigenic site. Furthermore, in contrast to conventional
(polyclonal) antibody preparations which typically include different
antibodies directed against different determinants (epitopes), each
monoclonal antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies are
advantageous in that they are synthesized by the hybridoma culture,
uncontaminated by other immunoglobulins. The modifier "monoclonal"
indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in accordance with the
present invention may be made by the hybridoma method first described by
Kohler et al., Nature, 256:495 (1975), or may be made by recombinant DNA
methods (see, e.g., U.S. Patent No. 4,816,567). The "monoclonal
antibodies™ may also be isolated from phage antibody libraries using the
techniques described in Clackson et al., Nature, 352:624-628 (1991) and
Marks et al., J. Mol. Biol., 222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include "chimeric"”
antibodies (immunoglobulins) in which a portion of the heavy and/or light
chain is identical with or homologous to corresponding sequences in
antibodies derived from a particular species or belonging to a particular
antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit
the desired biological activity (U.S. Patent No. 4,816,567; Morrison et
al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)).

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv,
Fab, Fab', F(ab'), or other antigen-binding subsequences of antibodies)
which contain minimal sequence derived from non-human immunoglobulin. For
the most part, humanized antibodies are human immunoglobulins (recipient
antibody) in which residues from a complementarity-determining region (CDR)
of the recipient are replaced by residues from a CDR of a non-human species
(donor antibody) such as mouse, rat or rabbit having the desired
specificity, affinity, and capacity. In some instances, Fv framework

region (FR) residues of the human immunoglobulin are replaced by
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corresponding non-human residues. Furthermore, humanized antibodies may
comprise residues which are found neither in the recipient antibody nor in
the imported CDR or framework sequences. These modifications are made to
further refine and maximize antibody performance. In general, the
humanized antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially all of the
CDR regions correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin
sequence. The humanized antibody optimally also will comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a
human immunoglobulin. For further details, see Jones et al., Nature,
321:522-525 (1986); Reichmann et al., Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992). The humanized antibody

includes a PRIMATIZED™ antibody wherein the antigen-binding region of the
antibody is derived from an antibody produced by immunizing macagque monkeys
with the antigen of interest.

Antibodies are typically proteins or polypeptides which exhibit binding
specificity to a specific antigen. Native antibodies are usually
heterotetrameric glycoproteins, composed of two identical 1light (L) chains
and two identical heavy (H) chains. Typically, each light chain is linked to
a heavy chain by one covalent disulfide bond, while the number of disulfide
linkages varies between the heavy chains of different immunoglobulin
isotypes. Each heavy and light chain alsc has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a variable domain (Vy)
followed by a number of constant domains. Each light chain has a variable
domain at one end (Vy) and a constant domain at its other end; the constant
domain of the light chain is aligned with the first constant domain of the
heavy chain, and the light chain variable domain is aligned with the variable
domain of the heavy chain. Particular amino acid residues are believed to
form an interface between the light and heavy chain variable domains [Chothia
et al., J. Mol. Biol., 186:651-663 (1985); Novotny and Haber, Proc. Natl.
Acad. Sci. USA, 82:4592-4596 (1985)]. The light chains of antibodies from

any vertebrate species can be assigned to one of two clearly distinct types,
called kappa and lambda, based on the amino acid sequences of their constant
domains. Depending on the amino acid seguence of the constant domain of
their heavy chains, immunoglobulins can be assigned to different classes.
There are five major classes of immunoglobulins: Iga, IgD, IgE, IgG and IgM,
and several of these may be further divided into subclasses (isotypes), e.g9.,
IgG~-1, IgG-2, IgG-3, and IgG-4; IgA-1 and IgA-2. The heavy chain constant
domains that correspond to the different classes of immunoglobulins are
called alpha, delta, epsilon, gamma, and mu, respectively.

"Antibody fragments" comprise a portion of an intact antibody,
generally the antigen binding or variable region of the intact antibody.

Examples of antibody fragments include Fab, Fab', F(ab')2, and Fv fragments,

“11-
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diabodies, single chain antibody molecules, and multispecific antibodies
formed from antibody fragments.

The term "variable" is used herein to describe certain portions of the
variable domains which differ in sequence among antibodies and are used in
the binding and specificity of each particular antibody for its particular
antigen. However, the variability is not usually evenly distributed through
the variable domains of antibodies. It is typically concentrated in three
segments called complementarity determining regions (CDRs) or hypervariable
regions both in the light chain and the heavy chain variable domains. The
more highly conserved portions of the variable domains are called the

framework (FR). The variable domains of native heavy and light chains each

comprise four FR regions, largely adopting a B—sheet configuration, connected

by three CDRs, which form loops connecting, and in some cases forming part

of, the B—sheet structure. The CDRs in each chain are held together in close
proximity by the FR regions and, with the CDRs from the other chain,
contribute to the formation of the antigen binding site of antibodies [see
Kabat, E.A. et al., Sequences of Proteins of Immunclogical Interest, National

Institutes of Health, Bethesda, MD (1987)]. The constant domains are not

involved directly in binding an antibody to an antigen, but exhibit various
effector functions, such as participation of the antibody in antibody-
dependent cellular toxicity.

The monoclonal antibodies herein include chimeric, hybrid and
recombinant antibodies produced by splicing a variable (including
hypervariable) domain of an anti-Apo-2L receptor antibody with a constant
domain (e.g. "humanized" antibodies), or a light chain with a heavy chain, or
a chain from one species with a chain from another species, or fusions with
heterologous proteins, regardless of species of origin or immunoglobulin

class or subclass designation, as well as antibody fragments (e.g., Fab,
F(ab')2, and Fv), so long as they exhibit the desired biological activity or

properties. See, e.g. U.S. Pat. No. 4,816,567 and Mage et al., in Monoclonal
Antibody Production Techniques and Applications, pp.79-97 (Marcel Dekker,
Inc.: New York, 1987).

A “human antibody” is one which possesses an amino acid seqguence
which corresponds to that of an antibody produced by a human and/or has
been made using any of the technigues for making human antibodies as
disclosed herein. This definition of a human antibody specifically
excludes a humanized antibody comprising non-human antigen-binding
residues. Human antibodies can be produced using various techniques known
in the art. In one embodiment, the human antibody is selected from a phage
library, where that phage library expresses human antibodies (Vaughan et
al. Nature Biotechnology, 14:309-314 (1996): Sheets et al. PNAS, (USA)
95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991);
Marks et al., J. Mol. Biol., 222:581 (1991)). Human antibodies can also be

made by introducing human immuncglobulin loci into transgenic animals,
-12-
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e.g., mice in which the endogenous immunoglobulin genes have been partially
or completely inactivated. Upon challenge, human antibody production is
observed, which closely resembles that seen in humans in all respects,
including gene rearrangement, assembly, and antibody repertoire. This
approach is described, for example, in U.S. Patent Nos. 5,545,807;
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al., Bio/Technology, 10: 7759-783 (1992);

Lonberg et al., Nature, 368: 856-859 (1994); Morrison, Nature, 368:812-13
(1994); Fishwild et al., Nature Biotechnology, 14: 845-51 (1996);

Neuberger, Nature Biotechnology, 14: 826 (1996); Lonberg and Huszar,

Intern. Rev. Immunol., 13:65-93 (1995). Alternatively, the human antibody

may be prepared via immortalization of human B lymphocytes producing an
antibody directed against a target antigen (such B lymphocytes may be
recovered from an individual or may have been immunized in vitro). See,

e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,

p. 77 (1985); Boerner et al., J. Immunol., 147 (1):86-95 (1991); and US Pat
No. 5,750,373.

The term “Fc region” is used to define the C-terminal region of an
immunoglobulin heavy chain which may be generated by papain digestion of an
intact antibody. The Fc region may be a native sequence Fc region or a
variant Fc region. Although the boundaries of the Fc region of an
immunoglobulin heavy chain might vary, the human IgG heavy chain Fc region
is usually defined to stretch from an amino acid residue at about position
Cys226, or from about position Pro230, to the carboxyl-terminus of the Fc
region (using herein the numbering system according to Kabat et al.,
supra). The Fc region of an immunoglobulin generally comprises two constant
domains, a CH2 domain and a CH3 domain, and optionally comprises a CH4
domain.

By “Fc region chain” herein is meant one of the two polypeptide
chains of an Fc region.

The “CH2 domain” of a human IgG Fc region (also referred to as "“Cy2"
domain) usually extends from an amino acid residue at about position 231 to
an amino acid residue at about position 340. The CH2 domain is unique in
that it is not closely paired with another domain. Rather, two N-linked
branched carbohydrate chains are interposed between the two CHZ domains of
an intact native IgG molecule. It has been speculated that the
carbohydrate may provide a substitute for the domain-domain pairing and
help stabilize the CH2 domain. Burton, Molec. Immunol.22:161-206 (1985).
The CH2 domain herein may be a native sequence CH2 domain or variant CH2
domain.

The “CH3 domain” comprises the stretch of residues C-terminal to a
CH2 domain in an Fc region (i.e. from an amino acid residue at about
position 341 to an amino acid residue at about position 447 of an IgG).

The CH3 region herein may be a native sequence CH3 domain or a variant CH3
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domain (e.g. a CH3 domain with an introduced “protroberance” in one chain
thereof and a corresponding introduced “cavity” in the other chain thereof;
see US Patent No. 5,821,333).

“Hinge region” is generally defined as stretching from about Glu2lée,
or about Cys226, to about Pro230 of human IgGl (Burton, Molec.
Immunol.22:161-206 (1985)). Hinge regions of other IgG isotypes may be
aligned with the IgGl sequence by placing the first and last cysteine
residues forming inter-heavy chain S-S bonds in the same positions. The
hinge region herein may be a native sequence hinge region or a variant
hinge region. The two polypeptide chains of a variant hinge region
generally retain at least one cysteine residue per polypeptide chain, so
that the two polypeptide chains of the wvariant hinge region can form a
disulfide bond between the two chains. The preferred hinge region herein
is a native sequence human hinge region, e.g. a native seguence human IgGl
hinge region.

A “functional Fc region” possesses at least one “effector function”
of a native sequence Fc region. Exemplary “effector functions” include Clg
binding; complement dependent cytotoxicity (CDC); Fc receptor binding;
antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down
regulation of cell surface receptors (e.g. B cell receptor; BCR), etc.

Such effector functions generally require the Fc region to be combined with
a binding domain (e.g. an antibody variable domain) and can be assessed
using various assays known in the art for evaluating such antibody effector
functions.

A “native sequence Fc region” comprises an amino acid seguence
identical to the amino acid sequence of an Fc region found in nature. A
“variant Fc region” comprises an amino acid sequence which differs from
that of a native sequence Fc region by virtue of at least one amino acid
modification. Preferably, the variant Fc region has at least one amino
acid substitution compared to a native sequence Fc region or to the Fc
region of a parent polypeptide, e.g. from about one to about ten amino acid
substitutions, and preferably from about one to about five amino acid
substitutions in a native sequence Fc region or in the Fc region of the
parent polypeptide. The variant Fc region herein will preferably possess
at least about 80% sequence identity with a native sequence Fc region
and/or with an Fc region of a parent polypeptide, and most preferably at
least about 90% sequence identity therewith, more preferably at least about
95% sequence identity therewith.

The terms "Fc receptor" and “FcR” are used to describe a receptor
that binds to the Fc region of an antibody. The preferred FcR 1s a native

sequence human FcR. Moreover, a preferred FcR is one which binds an IgG
antibody (a gamma receptor) and includes receptors of the FcyRI, FcYRII,
and FcYRIII subclasses, including allelic variants and alternatively

spliced forms of these receptors. FcYRII receptors include FcYRIIA (an
-14-
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"activating receptor"™) and FcyYRIIB (an "inhibiting receptor"), which have
similar amino acid seguences that differ primarily in the cytoplasmic
domains thereof. Activating receptor FcYRIIA contains an immunoreceptor
tyrosine-based activation motif (ITAM) in its cytoplasmic domain.
Inhibiting receptor FcYRIIB contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain (reviewed in Daé&ron,

Annu. Rev. Immunol., 15:203-234 (1997)). FcRs are reviewed in Ravetch and

Kinet, Annu. Rev. Immunol., 9:457-92 (1991); Capel et al., Immunomethods,

4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med., 126:330-41 (1995).

Other FcRs, including those to be identified in the future, are encompassed
by the term "FcR" herein. The term also includes the neonatal receptor,
FcRn, which is responsible for the transfer of maternal IgGs to the fetus
(Guyer et al., J. Immunol., 117:587 (1976); and Kim et al., J. Immunol.,
24:249 (1994)).

An “affinity matured” antibody is one with one or more alterations in
one or more CDRs thereof which result an improvement in the affinity of the

antibody for antigen, compared to a parent antibody which does not possess

those alteration(s). Preferred affinity matured antibodies will have
nanomolar or even picomclar affinities for the target antigen. Affinity
matured antibodies are produced by procedures known in the art. Marks et

al. Bio/Technology, 10:779-783 (1992) describes affinity maturation by VH

and VL domain shuffling. Random mutagenesis of CDR and/or framework
residues is described by: Barbas et al. Proc Nat. Acad. Sci, USA 91:3809-
3813 (1994); Schier et al. Gene, 169:147-155 (1995); Yelton et al. J.
Immunol., 155:1994-2004 (1995); Jackson et al., J. Immunol., 154(7):3310-9
(1995); and Hawkins et al, J. Mol. Biol., 226:889-896 (1992).

The terms "agonist" and "agonistic"” when used herein refer to or
describe a molecule which is capable of, directly or indirectly,
substantially inducing, promoting or enhancing biological activity or
activation of a receptor for Apo-2 ligand. Optionally, an “agonist Apo-2L
receptor antibody” is an antibody which has activity that mimics or is
comparable to Apo-2 ligand. Preferably, the agonist is a molecule which is
capable of inducing apoptosis in a mammalian cell. Even more preferably, the
agonist is an antibody directed to an Apo-zZL receptor and salid antibody has
apoptotic activity which is equal to or greater than the Apo-2L polypeptide
described in Example 1. Optionally, the agonist activity cf such molecule
can be determined by assaying the molecule, alone or in a cross~linked form
using Fc immunoglobulin or complement (described below), in an assay
described in Example 2 to examine apoptosis of 9D cells or other cells
which express a receptor for Apo-2L such as DR4 or DR5.

"Isolated, " when used to describe the various proteins disclosed
herein, means protein that has been identified and separated and/or recovered
from a component of its natural environment. Contaminant components of its

natural environment are materials that would typically interfere with
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diagnostic or therapeutic uses for the protein, and may include enzymes,
hormones, and other proteinaceous or non-proteinaceous solutes. In preferred
embodiments, the protein will be purified (1) to a degree sufficient to
obtain at least 15 residues of N-terminal or internal amino acid sequence by
use of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under
non-reducing or reducing conditions using Coomassie blue or, preferably,
silver stain. Isolated protein includes protein in situ within recombinant
cells, since at least one component of the protein natural environment will
not be present. Ordinarily, however, isolated protein will be prepared by at
least one purification step.

“Bioclogically active” or “biological activity” for the purposes herein
means (a) having the ability to induce or stimulate apoptosis in at least one
type of mammalian cancer cell or virally-infected cell in vivo or ex vivo;

(b) capable of raising an antibody, i.e., immunogenic; or (c) retaining the
activity of a native or naturally-occurring Apo-2 ligand polypeptide.

A "growth inhibitory agent" when used herein refers to a compound or
composition which inhibits growth of a cell in vitro and/or 1in vivo. Thus,
the growth inhibitory agent may be one which significantly reduces the
percentage of cells in S phase. Examples of growth inhibitory agents
include agents that block cell cycle progression (at a place other than S
phase), such as agents that induce Gl arrest and M-phase arrest. Classical
M-phase blockers include the vincas (vincristine and vinblastine), TAXOL®,
and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin,
etoposide, and bleomycin. Those agents that arrest Gl also spill over into
S-phase arrest, for example, DNA alkylating agents such as tamoxifen,
prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-

fluorouracil, and ara-C. Further information can be found in The Molecular

Basis of Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled "Cell

cycle regulation, oncogenes, and antineoplastic drugs” by Murakami et al.
(WR Saunders: Philadelphia, 1995), especially p. 13.

The term "prodrug" as used in this application refers to a precursor
or derivative form of a pharmaceutically active substance that is less
cytotoxic to cancer cells compared to the parent drug and is capable of
being enzymatically activated or converted into the more active parent
form. See, e.g., Wilman, "Prodrugs in Cancer Chemotherapy" Biochemical

Society Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) and

Stella et al., "Prodrugs: A Chemical Approach to Targeted Drug Delivery,”
Directed Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but are not limited to,

phosphate—containing prodrugs, thiophosphate-containing prodrugs, sulfate-
containing prodrugs, peptide-containing prodrugs, D-amino acid-modified
prodrugs, glycosylated prodrugs, beta-lactam-containing prodrugs,
optionally substituted phenoxyacetamide-containing prodrugs or optionally

substituted phenylacetamide-containing predrugs, 5-fluorocytosine and other
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5-fluorouridine prodrugs which can be converted into the more active
cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized
into a prodrug form for use in this invention include, but are not limited
to, those chemotherapeutic agents described below.

The term "cytotoxic agent" as used herein refers to a substance that

inhibits or prevents the function of cells and/or causes destruction of

cells. The term is intended to include radioactive isotopes (e.g. Atzl%
1131, 1125, Y90, Relee, Re188, Sm153, Bi212, P32 and radioactive isotopes of
Lu), chemotherapeutic agents, and toxins such as small molecule toxins or

enzymatically active toxins of bacterial, fungal, plant or animal origin,
including fragments and/or variants thereof.

A "chemotherapeutic agent" is a chemical compound useful in the
treatment of conditions like cancer. Examples of chemotherapeutic agents
include alkylating agents such as thiotepa and cyclosphosphamide
(CYTOXAN™) ; alkyl sulfonates such as busulfan, improsulfan and piposulfan;
aziridines such as benzodopa, carboguone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine,
triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide
and trimethylolomelamine; acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analogue
topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin,
carzelesin and bizelesin synthetic analogues); cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the
synthetic analogues, KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine,

nimustine, ranimustine; antibiotics such as the enediyne antibiotics (e.g.
. .. . . L I X o 1
calicheamicin, especially calicheamicin y;  and calicheamicin 67, see,

e.g., Agnew Chem Intl. Ed. Engl.,K 33:183-186 (1994); dynemicin, including

dynemicin A; an esperamicin; as well as neocarzinostatin chromophore and
related chromoprotein enediyne antiobiotic chromomophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,
carminomycin, carzinophilin, chromomycins, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin,
streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites
such as methotrexate and 5-fluorouracil {5-FU); folic acid analogues such
as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such
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as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine
analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine, enccitabine